In humans, both type 1 and type 2 diabetes exemplify genetically heterogeneous complex diseases in which epigenetic factors contribute to underlying genetic susceptibility. Extended human pedigrees often show inheritance of both diabetes types. A common pathophysiological denominator in both disease forms is pancreatic ␤-cell exposure to proinflammatory cytokines. Hence, it is intuitive that systemically expressed genes regulating ␤-cell ability to withstand chronic diabetogenic stress may represent a component of shared susceptibility to both major disease forms. In this review, the authors assemble evidence from genetic experiments using animal models developing clearly distinct diabetes syndromes to inquire whether some degree of overlap in genes contributing susceptibility can be demonstrated. The conclusion is that although overlap exists in the pathophysiological insults leading to ␤-cell destruction in the currently studied rodent models, the genetic bases seem quite distinct. Diabetes 54 (Suppl. 2):S151-S158, 2005 T he complex of genes in the HLA locus (IDDM1) contributing the major component of human susceptibility to autoimmune type 1 diabetes clearly provides a starting point for comparison for overlap with major susceptibility contributors to classic type 2 diabetes. Indications of humoral immunity against pancreatic ␤-cell autoantigens in 10 -30% of patients deemed clinically to have type 2 diabetes led to the concept that these patients exhibit latent autoimmune diabetes in adults (LADA), or "type 1.5" diabetes (1). Many LADA patients exhibit decreased frequency of the highest risk HLA class I and class II alleles and increased frequency of HLA alleles conferring strong protection against juvenile-onset type 1 diabetes (1). Although most type 2 diabetes cases clearly are not autoimmune in causation, and thus, specific HLA alleles are not identified as major type 2 diabetes susceptibility contributors, the LADA cases raise the possibility that a subset of non-HLA susceptibility may be shared. Under such circumstances, the absence of the high-risk HLA alleles results in a more slowly progressive disease that only presents in adulthood when pathophysiological stresses on ␤-cells, including obesity and insulin resistance shared in common with patients with classic type 2 diabetes, become prevalent.
T
he complex of genes in the HLA locus (IDDM1) contributing the major component of human susceptibility to autoimmune type 1 diabetes clearly provides a starting point for comparison for overlap with major susceptibility contributors to classic type 2 diabetes. Indications of humoral immunity against pancreatic ␤-cell autoantigens in 10 -30% of patients deemed clinically to have type 2 diabetes led to the concept that these patients exhibit latent autoimmune diabetes in adults (LADA), or "type 1.5" diabetes (1) . Many LADA patients exhibit decreased frequency of the highest risk HLA class I and class II alleles and increased frequency of HLA alleles conferring strong protection against juvenile-onset type 1 diabetes (1). Although most type 2 diabetes cases clearly are not autoimmune in causation, and thus, specific HLA alleles are not identified as major type 2 diabetes susceptibility contributors, the LADA cases raise the possibility that a subset of non-HLA susceptibility may be shared. Under such circumstances, the absence of the high-risk HLA alleles results in a more slowly progressive disease that only presents in adulthood when pathophysiological stresses on ␤-cells, including obesity and insulin resistance shared in common with patients with classic type 2 diabetes, become prevalent.
Polymorphisms in the upstream regulatory region of the insulin gene currently represent the strongest non-HLA locus linked to human type 1 diabetes susceptibility (IDDM2) (2) . The pathogenic mechanism has not been associated with insulin processing, secretion, or action, but rather with the ability to express intrathymically and elicit T-cell tolerance to this major type 1 diabetes autoantigen (3, 4) . Alleles associated with resistance to type 1 diabetes, on the other hand, have been associated with polycystic ovarian syndrome (5) , an insulin resistance syndrome that often leads to type 2 diabetes. Because type 2 diabetes often culminates in insulin deficiency attributed to ␤-cell failure associated with chronic lipotoxicity, glucotoxicity, and free radical stress (6), it is not surprising that functional changes in genes associated with ␤-cell glucose sensing and metabolism produce nonautoimmune but insulin-requiring diabetes syndromes. Glucokinase (GCK) is an example of one such ␤-cell essential gene linked to both type 1 and type 2 diabetes (7, 8) . Although GAD65 is considered a major ␤-cell autoantigen in type 1 diabetes, genetic association with the gene encoding it (GAD2) has been with obesity, the major risk factor for type 2 diabetes (9) . Indeed, when specific candidate genes identified in either type 1 or type 2 diabetes are screened for association/linkage in the other disease form, evidence for overlap is rare (10) . Given that human predisposition to obesity and type 2 diabetes is controlled by large numbers of quantitative trait loci (11) , and similarly, inheritance of a complex assortment of major histocompatibility complex (MHC) and non-MHC loci are required to increase susceptibility to type 1 diabetes (12), genetically defined strains of inbred mice with known predisposition to either type 1 or type 2 diabetes have been used to model the extent to which genes contributing susceptibility to one form of diabetes might also contribute to the other form. The examination of results of such modeling studies in mice is the subject of this review.
C57BLKS/J AND NOD/Lt: TWO PARADIGM DIABETES-PERMISSIVE INBRED STRAINS FOR COMPARISON OF COMMON SUSCEPTIBILITY GENES
The C57BLKS/J (BKS) strain (originally named C57BL/ KsJ) was little studied before the report of a monogenic mutation producing chronic hyperglycemia and ␤-cell destruction on this genetic background (13) . This strain arose through a genetic contamination of the C57BL/6J (B6) strain, probably by DBA/2J (14) . The molecular basis for the "diabetes" mutation entails an abnormal splice junction variant that prevents transcription of a leptin receptor "long" isoform (Lepr db-1J ) (15 mice develop only a mild and transient diabetes (13) . Importantly, the same susceptibility difference distinguishing the BKS from the B6 genetic backgrounds was exactly reproduced when the unlinked recessive Lep ob "obese" mutation or its ligand, leptin, was studied on both backgrounds (13) . Similarly, the "fat" mutation in the carboxypeptidase E locus, which was not diabetogenic on the HRS/J background, did produce diabetes in males when backcrossed into the BKS strain background (17) . What are these genetic background differences eliciting such disparate syndromes? B6 and BKS share genetic identity at ϳ88% of markers tested. Differences include MHC haplotypes, but this has been excluded as the explanation (18) . Diabetes pathogenesis in BKS-Lepr db-1J mice was particularly responsive to dietary carbohydrate (19) . Elevated glucose concentrations in vitro induced expression of defective endogenous retroviral genomes in ␤-cells from wild-type BKS but not B6 islets (20) . Male BKS mice were further differentiated from B6 males in terms of their heightened sensitivity to diabetes induced by diabetogens, including alloxan (21) and multiple low doses of streptozotocin (22) . The latter represents a model assumed to entail an immune component and has also been associated with induction of retroviral genomes in ␤-cells (23) . Indeed, investigators interested in the immunology of diabetes previously viewed BKS-Lepr db-1J mice as a model of "type 1.5 diabetes" because evidence for both thymusdependent and humoral reactivity against ␤-cells was found (rev. in 24). However, combination of this mutation with various immunodeficiency mutations showed that diabetogenesis did not require either T-or B-cell-mediated events (25) . Rather, the major differences distinguishing the "type 1.5" diabetes in BKS-Lepr db-1J mice versus the mild remitting type 2 diabetes syndrome in B6-Lepr
db-1J
mice, other than the ability to express retroviral genetic elements in ␤-cells, were differences in intracrine sex steroid metabolism, conferring greater androgen sensitivity in BKS mice of both sexes (26, 27) . This would also account for the differential BKS/B6 male sensitivity to multiple low-dose streptozotocin-induced diabetes.
Whereas it can be debated as to what kind of human diabetes is modeled by BKS-Lepr db-1J mice, there is no question that the NOD mouse clearly models for autoimmune T-cell-mediated type 1 diabetes in humans. The diabetogenic MHC (H2 g7 ) of NOD mice, comprising contributions from both class I and class II loci and collectively designated as Idd1, is the major genetic contributor to susceptibility. There are well in excess of 20 non-MHC susceptibility linkages defined by segregation analysis following outcross with either related (NON/Lt, ALR/Lt) or unrelated (B6, C57BL/10, C57L, PWK) strains. Homozygous expression of the diabetogenic MHC provides a permissive scaffold onto which variable sets of non-MHC genes contribute in an additive threshold fashion, with both the dietary and microbial environment exerting major influences on disease penetrance (28) . An updated listing of the currently known chromosomal regions containing "Idd" loci may be found in a recent review (29) . The next section examines how the type 2 diabetes-predisposing BKS genome and the type 1 diabetes-predisposing NOD genome interact. Table 1 summarizes similarities and differences of the two different diabetes models discussed above. If the NOD and BKS genomes harbored common susceptibility genes, the cellular level for this shared susceptibility might be the ␤-cell. NOD ␤-cells, like BKS ␤-cells, are permissive for retroviral gene expression (30, 31) and males of both strains are very susceptible to insulin-dependent diabetes induced by multiple low-dose streptozotocin treatments (32) . NOD ␤-cells are claimed to exhibit an unusually strong spontaneous "wave" of apoptosis before weaning that triggers insulitis (33) . Although increased apoptosis in BKS versus B6 ␤-cells has not been reported, transplanted BKS islets are more susceptible to glucotoxic stress than are B6 islets transplanted into diabetic (BKS ϫ B6)F1 recipients (34) . Accordingly, shortly after an NOD colony was established at The Jackson Laboratory and at the Diabetes Research Institute, Dü sseldorf (by Dr. L. Herberg), outcrosses between NOD/Lt and related strains (NON/Lt and SWR/J) as well as completely unrelated strains (BKS, B6, CBA/LsLt) were analyzed. The frequencies of diabetes obtained after outcross and first backcross (to NOD) are summarized in Table 2 . All diabetic probands were H2 g7 homozygotes; indeed, none of the approximate 50% of the MHC heterozygotes among first backcross progeny would have been permissive for spontaneous diabetes development. Even though the related strains (NON/Lt, SWR/J) differed from NOD at ϳ40 -50% of polymorphic markers typed, such outcrosses yielded a higher diabetes frequency (among the H2 g7 homozygous segregants) than outcross/backcross with the unrelated strains. BKS as an outcross partner produced the lowest diabetes frequency. Thus, all the genetic and physiological features that rendered this strain highly susceptible to ␤-cell toxins and to diabetogenic stress exerted by monogenic obesity mutations were not capable of synergizing deleteriously with the Idd susceptibility loci in the NOD genome. Indeed, after a second backcross (to NOD) was performed, and the diabetogenic H2 g7 haplotype along with multiple other type 1 diabetes susceptibility loci and albino coat color were fixed, an inadvertent genetic contamination occurred that gave rise to the type 1 diabetesresistant NOR/Lt strain (35) . Genetic analysis of the H2 g7 -identical NOR/Lt, showed that, like its BKS progenitor, it was a recombinant congenic strain with ϳ88% genomic identity with NOD/Lt. BKS-derived loci on chromosome 1, 2, 4, and 11 are now known to confer this type 1 diabetes resistance (36 -38) . The one known example of a shared NOD/BKS type 1 diabetes susceptibility allele is the common class I H2K d allele, a component of the complex Idd1 locus on chromosome 17. But the BKS genome suppresses any potential type 1 diabetes susceptibility conferred by this shared peptide antigen-presenting molecule. ␤2-Microglobulin binding to class I chains is required to produce a molecular conformation that can bind and present peptide antigen. BKS mice express a ␤2-microglobulin (B2m b ) allele on chromosome 2, whose protein product differs by only a single amino acid from that of the B2m a allele expressed by NOD mice. NOR/Lt mice express the B2m b allele acquired from BKS in the presence of MHC class I genes inherited from NOD. The steric differences in molecular folding produced by the B2m a and B2m b isoforms has been shown to control the immunogenicity of NOD ␤-cells targeted by cytotoxic T-cells (39) . In addition to this allotypic B2m b /H2K d combination distinguishing BKS from NOD, the disparate BKS MHC class II molecules expressed from its H2 d haplotype would be more than sufficient to suppress generation of autoimmune T-effector cells.
NOD AND BKS GENOMES DO NOT SHOW COMPLEMENTATION OF COMMON TYPE 1 DIABETES SUSCEPTIBILITY GENES

SUPERIMPOSING OBESITY AND INSULIN RESISTANCE ON THE NOD/Lt MOUSE
If the BKS genome does not provide genes capable of interacting productively with the NOD genome to precipitate type 1 diabetes, does the inverse hold? Will the NOD genome be permissive to a type 2 diabetes syndrome? A spontaneously occurring mutation at the leptin receptor locus in the distribution colony of NOD/LtJ mice at The Jackson Laboratory (designated Lepr db-5J ) provided the opportunity to assess whether a BKS-like obesity-induced type 2 diabetes ("diabesity") syndrome would result or whether a well-compensated "B6-like" obesity syndrome with mild remitting "diabesity" would develop. Also, how would autoimmune insulitis development respond to the systemic disruptions in the endocrine/metabolic milieu produced by obesity?
The leptin receptor itself is a member of the class I cytokine receptor family typified by the IL-6 receptor, and leptin is a family member of the helical cytokines and has a structure similar to IL-2. Leptin exerts multiple effects on systems biology in addition to its well-known effects on feeding behavior and energy homeostasis. Indeed, this adipokine has been associated with modulation of a wide variety of immune functions in both humans and mice (40, 41) . Early administration of a high dose of recombinant leptin to NOD females, but not males, drastically accelerated onset of type 1 diabetes so that onset was truly juvenile rather than the customary NOD adult-onset pattern (42) . This finding contrasted with a study virtually unknown outside of Japan wherein NOD/Shi mice were made congenic for either the Lepr db-1J or Lep ob mutations (43) . These congenic NOD/Shi mice developed a transitory type 2 diabetes manifested by obesity, hyperinsulinemia, and islet hyperplasia. Importantly, the insulitic process prevailed, producing a life-shortening hypoinsulinemic type 1 diabetes (43) . One would have thought that if endogenous leptin was critical to the development of autoimmune T-effectors, then the Japanese investigators would have observed longer-lived obese-diabetic NOD mice-an impression definitely not imparted by their report. Figure 1A compares the standard (lean) NOD/Lt mice with the obese phenotype of NOD-Lepr db-5J /Lt mice. In this regard, the coisogenic mutation (e.g., spontaneously occurring in the NOD genome) produced the same obesity phenotype as the NOD stock congenic for the BKS-derived Lepr db-1J mutation studied in Japan. However, the disease course taken, particularly in females, was drastically different. Figure 1B illustrates the fulminant intra-islet insulitis that predominates in the pancreas of NOD mice approaching clinical type 1 diabetes. Based on the results of the congenic transfer of Lepr db-1J from the BKS background into the NOD genetic background cited above (43) , wherein obesity and insulin resistance were nevertheless accompanied by widespread destructive insulitis, we anticipated that NOD-Lepr
db-5J
/Lt females would also show a "BKS-like" diabesity with massive ␤-cell failure and islet atrophy associated with widespread destructive insulitis. However, what has been observed in all NOD-Lepr db-5J females, and in approximately two-thirds of the mutant males, was a "B6-like" compensatory pattern wherein massive ␤-cell hyperplasia (Fig. 1C) successfully compensated for insulin resistance and brought a juvenile-onset hyperglycemia (initiating between 5 and 7 weeks of age) into complete remission by 12 weeks of age-a time point at which the first wild-type (lean) NOD/Lt females were transiting into clinical type 1 diabetes. Plasma leptin concentrations were 15-fold elevated, and plasma insulin concentrations were ninefold elevated at weaning (5 weeks), gradually declining to threefold higher as hyperglycemia spontaneously remitted. The unrestricted ␤-cell hyperplasia was equally unexpected based on the published congenic transfer study (43) reporting that destructive insulitis was the prominent histopathological feature. In all NOD-Lepr db-5J /Lt females analyzed histologically, peri-insulitis was present, but failed to infiltrate into the islets.
A somewhat more complex set of diabesity syndromes was observed in NOD-Lepr
/Lt males. In all cases, mutant males, like mutant females, developed obesity and hyperglycemia immediately after weaning, and like females, all of these obese-hyperglycemic males were hyperleptinemic and hyperinsulinemic, living well past 40 weeks of age without any requirement for insulin. However, of a group of 17 aging males, only 4 of 17 exhibited full remission from hyperglycemia while remaining obese and moderately hyperinsulinemic (sevenfold higher than normal). Another subset (7/17) remained obese and even more hyperinsulinemic (25-fold elevated), but remained hyperglycemic (mean plasma glucose ϳ450 mg/dl over a 39-week time span). A third phenotypic class (6/17 males) showed peak mean body weight by 9 weeks and then gradually began to lose weight, with three mice dying between 41 and 49 weeks and the remainder continuing to lose weight, such that mean body weights fell into a normal (nondiabetic lean NOD) range by 41-49 weeks of age. In this subset, plasma glucose gradually increased to a very high concentration (mean Ͼ750 mg/dl by 41-49 weeks), with concomitant declines in plasma insulin concentrations from an early hyperinsulinemic range (eightfold above normal) to a value not different from young lean controls. A comparable level of ␤-cell hyperplasia and hypertrophy characterized the islets of the former two groups (diabetic remitters and intermediate severity diabetics), while the latter class of severely diabetic mutants showed a pattern of ␤-cell depletion and islet atrophy more reminiscent of BKS-Lepr db-1J mice. In all three male phenotypic classes, intra-islet insulitis was markedly suppressed, as it was in mutant females.
Several explanations can be offered to account for the differences between the Bar Harbor results and those previously reported in Japan, including NOD substrain differences, linked BKS insulitis accelerators in the congenic segment on chromosome 4 (highly unlikely given the results shown in Table 1 ), or environmental differences. We believe the most likely explanation is the molecular difference between the two mutations. The direct sequencing of Lepr db-5J revealed a G-to-T transversion mutation in exon 13 producing a glycine640valine change in the very distal portion of the extracellular domain immediately adjacent to the transmembrane domain. Glycine at this base position is highly conserved across genera. Structural analysis of the human LEPR extracellular domain suggests that this amino acid change likely could affect the nearby ligand binding domain (44) . RT-PCR showed that this mutation did not prevent transcription of a full-length (LEPR-Rb) transcript in the hypothalamus. The Lepr db-1J mutation used to produce the NOD congenic stock in Japan, by contrast, has an insertion that eliminates an essential splice domain required to generate the LEPR-Rb isoform. Thus, partial signaling (e.g., JAK/STAT recruitment and phosphorylation) likely is occurring in the coisogenic diabetes-predisposing factors in the BKS genome do not deleteriously combine with type 1 diabetes-predisposing NOD genes by revealing that a monogenic obesity mutation that promotes ␤-cell failure in BKS mice actually inhibits invasive insulitis in the NOD genome.
PROINFLAMMATORY CYTOKINES, LIPID MEDIATORS, AND REACTIVE OXYGEN SPECIES: THE MISSING LINK BETWEEN THE GENETICS OF TYPE 1 AND TYPE 2 DIABETES SUSCEPTIBILITY?
One of the unifying themes in diabetes pathophysiology is that proinflammatory cytokines, chemokines, lipid mediators, and reactive oxygen species (ROS) harm ␤-cells regardless of whether the immune system or obesity and insulin resistance are the primary pathogenetic factors leading to their generation. Common human polymorphisms in the HLA class III region encoding tumor necrosis factor (TNF)-␣ and TNF-␤ have been associated with susceptibility to both type 1 and type 2 diabetes (45, 46) . Similarly, human polymorphism in the IL-6 receptor has been associated with the metabolic syndrome/type 2 diabetes (46, 47) . TNF-␣ and IL-6 are representative of a growing number of cytokines frequently found to be elevated in both forms of diabetes. Both IL-6 and TNF-␣, as well as leptin, are excellent examples of cytokines/adipokines whose concentrations in blood increase during infection or inflammation. Hyperglycemia, the common pathophysiological feature of both type 1 and type 2 diabetes, can elicit ROS generation and increased oxidative stress systemically and in ␤-cells in particular (6, 48) . High concentrations of obesity-associated free fatty acids can compromise insulin action and ␤-cell function, as well as drive ␤-cell apoptosis (49) . Proinflammatory lipid (eicosanoid) mediators derived from arachidonic acid metabolism have also been associated with ␤-cell pathogenesis in type 1 diabetes in NOD mice (50) and deterioration of vascular function in Lepr db mice (51) . Because ␤-cells are especially sensitive to oxidative stress, genes contributing to maintenance of systemic and ␤-cell redox potential might be expected to contribute to resistance to both forms of diabetes. We used the ALR/Lt (alloxan-resistant) strain to examine the effects of a genome contributing unusually strong type 1 diabetes-protective free radical detoxification ability when challenged with NOD-derived autoimmune effectors or with the type 2 diabetes/diabesity-promoting polygenes in NZO/Lt (New Zealand Obese) mice.
ALR mice were selected in Japan for resistance to type 1 diabetes elicited by a low dose of the ␤-cell toxin alloxan (52) . A strain selected for sensitivity to the same dose was designated ALS (alloxan sensitive). Given that alloxan is a potent generator of hydroxyl radicals, it was not surprising that the physiological differences distinguishing these two strains primarily entailed the ability to suppress ROS generation and their detoxification if generated (53) . This resistance was systemically expressed but was shown to extend to the ␤-cells both in terms of increased activities of enzymes that generated reduced glutathione and detoxified free radicals once they were generated (54) . What was surprising, however, was how well the ALR/Lt defenses responded to autoimmune effectors generated from the very closely related NOD mouse (54) . To establish the genetic basis for this systemic ability to dissipate ROS stress elicited by a diabetogenic immune system, reciprocal outcrosses between ALR/Lt and NOD/Lt mice were performed and chromosomal linkages were established.
When NOD/Lt was the female parent, and the diabetesresistant F1 females were backcrossed to NOD/Lt males, ALR/Lt-derived resistance alleles on chromosomes 3, 8, and 17 were identified. The chromosome 17 gene was tightly linked to the distal end of the MHC and appeared to control ␤-cell antigen presentation rather than ROS detoxification (55) . The linkages to chromosomes 3 and 8, however, were associated with free radical defense and/or dissipation (56,56a) . When the outcross was performed differently, so that now ALR/Lt females were crossed to NOD/Lt males, and the diabetes-resistant F1 females backcrossed to NOD/Lt males, too few diabetic probands were generated to allow genetic linkage analysis (57) . This extra component of resistance associated with use of ALR/Lt as the maternal parent, coupled with the knowledge that mitochondria, inherited from the maternal parent, are a major source of intracellular ROS, led us to do comparative sequencing of the mitochondrial genomes of ALR and its related strains (NOD, ALS, NON). The ALR mitochondrial genome differed from all other mouse mitochondrial genomes sequenced in showing nonconservative replacement of a leucine with a methionine at amino acid residue 276 of the NADH dehydrogenase subunit 2. This finding that an additional component of diabetes susceptibility was encoded by the mitochondrial genome was particularly relevant because mutations in the human mtNd2 gene have been associated with both forms of diabetes, with the specific mutation found in the ALR/Lt mtNd2 allele associated with protection against type 1 diabetes in a Japanese study group (58) . With regard to the ALR/Lt mouse, we conjecture that the unusually high expression of nuclear genes whose products are concerned with defense against ROS is a response to an increased proton "leak" from the mitochondrial electron transport chain. In effect, an altered mitochondrial membrane potential may convey an internal "danger signal" conferring constitutive expression of systemic defenses normally upregulated in other mouse strains only after application of ROS stress.
MATCHING THE ALR/Lt GENOME AGAINST POLYGENETIC TYPE 2 DIABETES IN THE NZO/Lt MALE MOUSE
If impaired ␤-cell function reflects, in part, the consequences of ROS in type 2 diabetes as well as is likely the case in type 1 diabetes, can the strong systemic ability of the ALR/Lt genome to dissipate ROS protect against type 2 diabetes development? Unlike the monogenic obesity elicited by the Lepr db mutations described above, obesityinduced type 2 diabetes (diabesity) in NZO/Lt males is polygenic in origin and is driven by the rate of weight gain during the peripubertal period (59) . Interestingly, in the same fashion that the BKS-Lepr db-1J diabetic mouse has sometimes been considered a potential model of "type 1.5" diabetes because of potential involvement of the immune system in pathogenesis, similar indications have been observed in NZO/Lt males (60) . In addition to inflammatory infiltrates associated with the pancreatic islets of chronically diabetic males (60) , the strain produces autoantibodies to the insulin receptor (61). As we found for the immune-associated phenomena in BKS-Lepr db-1J diabetic mice, these immune phenomena in NZO/Lt males were secondary and not primary pathogenic responses (62) . Nevertheless, diabetogenesis in this type 2 diabetes model is associated with increasingly more severe insulin resistance associated with chronic exposure of ␤-cells to hyperglycemic and hyperlipidemic environments (59) . Data in Table 3 compare outcrosses between NZO/Lt and ALR/Lt or with the related (but ROS-damage susceptible) NON/Lt strain. Consistent with a role for ALR/Lt mitochondrial genomic contributions to the upregulated constitutive defenses against ROS damage, the (ALR ϫ NZO)F1 males showed diminution of type 2 diabetes severity, whereas (NZO ϫ ALR)F1 males generated in the reciprocal outcross (mitochondrial genome from NZO) showed increased obesity and diabesity (e.g., significantly higher plasma glucose concentrations). Regarding the significantly increased body weight in this reciprocal outcross, we have previously shown that the NZO/Lt female contributes an epigenetic factor to diabesity in terms of the nutritional content of milk over the postparturitional period (63) . As shown in Table 3 , outcross of NON/Lt with NZO in either cross direction failed to retard development of diabesity as effectively as outcross with ALR/Lt under conditions where ALR provided the maternal genomic and epigenetic environment. This rather limited dataset is supportive of the conclusion that genes determining the level of ROS stress are important in both type 1 and type 2 diabetes. However, in the mouse models of each disease form chosen, one might infer that ROS-mediated damage to ␤-cells may be primary in the type 1 diabetes model, but secondary in the type 2 diabetes model chosen.
CONCLUSIONS
Our hypothesis initially stated that some of the genes contributing to ␤-cell resistance to the autoimmune stresses underlying type 1 diabetes also contribute to ␤-cell resistance to the disturbed metabolic milieu engendered by type 2 diabetes. However this hypothesis has been quite difficult to confirm using the available mouse models. Studies with the NOD/Lt mouse suggest that genetic backgrounds predisposing to a type 1.5/type 2 diabetes "metabolic exhaustion" of ␤-cells actually repress the autoimmune insulitis required for type 1 diabetes development. The best evidence to support the hypothesis comes from analysis of mitochondrial contributions to both forms of diabetes. ␤-Cell apoptotic death pathways can be activated by signals emanating from mitochondria in type 1 diabetes (64) , and cumulative mutations in the mitochondrial genome can lead to increased ROS release accompanied by declining cellular energy production and insulin secretion as ␤-cells age (65) . Thus, strategies that aim to preserve mitochondrial integrity and suppress intracellular generation of ROS should prove useful in preserving ␤-cell integrity and function (66, 67) . Data were collected from 24-week-old males maintained on an NIH-31 diet containing 4% fat. *Differences between reciprocal outcrosses significant at P Ͻ 0.001.
